Introduction
White blood cell (WBC) or leukocyte count is a blood test used to detect a range of blood disorders, evaluate the severity of various underlying diseases, and at times predict the risk of death. [1] [2] [3] [4] [5] [6] [7] Several previous reports revealed a possible association between WBCs and severity of sickle cell disease (SCD). [7] [8] [9] [10] Buchanan and Glader 11 reported that WBC counts were significantly increased during serious bacterial infection and vaso-occlusive crisis among children with SCD. Litos et al 10 found that SCD patients who developed complications had higher WBC counts than asymptomatic SCD patients. 10 WBC count was found to be an accurate test for detecting acute chest syndrome in SCD patients who attended an emergency department (ED) with pain crises. 12 Castro et al 13 noted that WBC count was associated with acute chest syndrome in patients with SCD. Liem et al 14 reported SCD patients with acute chest syndrome had a higher WBC count compared to controls.
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Evidence was found that a high level of WBC count is recognized as a major risk factor for hospital admission and frequent ED visits. 15 , 16 Olatunji and Davies 15 documented that patients with particularly high levels of WBCs had frequent hospital admission. Recently, Curtis et al 16 found that an elevated WBC count was associated with high risk of frequent ED visits.
The evidence of the association between WBC and the severity of SCD mainly comes from epidemiological studies in Western countries; however, these findings may not be generalizable to SCD patients in non-Western countries. For better understanding, the role of WBCs in SCD severity should be assessed in various SCD populations worldwide, particularly in non-Western countries.
Studies in the Eastern Province of Saudi Arabia reported high WBC counts in Saudi children with SCD and acute chest syndrome, 17, 18 and another study assessed SCD complications in Saudi adults with SCD, revealing high WBC levels with a mean of 12.7×10 9 cells/L. 19 Despite clear evidence that WBC was found to be associated with complications and poor prognosis in SCD patients, no study in the Saudi SCD population has been found to assess the prevalence of high WBCs and SCD severity or complications. The purpose of the current study was to estimate the prevalence of abnormal WBCs (low or high) and identify the predictors of high WBCs in a sample of Saudis with SCD, and severity of SCD. We hypothesize that SCD symptoms and complications may be associated with high WBCs in Saudi patients with SCD.
Methods
Cross-sectional and retrospective designs were used to recruit and review medical charts of Saudi patients with SCD (age ≥2 years) who attended the outpatient clinic at King Fahad Hospital in Hofuf, Eastern Region, Saudi Arabia, for routine health assessment. Four hundred SCD patients attended King Fahad Hospital in Hofuf for routine assessment during the study period between October 1, 2016 and March 31, 2017. Of those, 290 consented and enrolled in the study, with a response rate of 72.5%.
The study included two stages: structured interview by a hematologist, and a chart review covering the previous 6 months for each patient. The interview took 10 to 15 min and the patients were asked to report whether they had fever, shortness of breath, cough, tiredness, wheezing, skin redness, swelling in hands/feet, blood transfusion, itching, and frequent (≥3) ED visits during the previous 6 months. Participants were asked whether they experienced frequent pain in the previous 6 months. Those who responded that they "experienced frequent pain" were asked to specify the pain site: back, arm, leg, and/or chest. Participants were allowed to select more than one pain site. If the participants were aged between 2 and 17 years, pain history was assessed by the child and/or the parents.
The medical chart of each patient was reviewed for the previous 6 months. We collected data on heart rate and blood tests. The blood tests included: hemoglobin, hemoglobin F, hemoglobin A2, hemoglobin S, and the WBC count. In case of multiple readings, the most recent reading was extracted. The WBC counts were assessed by automated blood cell counters (Beckman Coulter, Brea, CA, USA) and cell counts were expressed in 10 9 cells/L. In order to estimate the prevalence of abnormal leukocyte count, we categorized leukocyte count into three groups: low <4×10 9 cells/L (low WBC count referred to a leukopenia), normal 4-11×10 9 cells/L, and high >11×10 9 cells/L (high WBC count referred to a leukocytosis). The normal WBC range (4-11×10 9 cells/L) was applied to all age groups. For the purpose of multivariate analysis, patients with low WBC counts were excluded to identify the independent predictors of high WBC counts.
Statistical analysis
The analyses were performed using IBM SPSS Statistics for Windows, version 24 (IBM Corporation, Armonk, NY, USA). The sample characteristics were presented as percentages for non-numerical variables (Table 1 ) and counts and means and SDs for numerical variables ( Table 2) . We estimated the prevalence of abnormal leukocyte count (either low or high) using the percentage and 95% CIs. For subgroup analyses we used a chi-square test to assess the association between WBC groups and non-numerical variables (Table 1) . For subgroup analyses we used the ANOVA test to assess the association between WBC groups and numerical variables ( Table 2 ). In the adjusted analysis, we only considered high vs. normal WBC counts. Multiple-binary logistic regression was used to identify the independent factors associated with high WBC counts ( Table 3 ). The aOR and 95% CIs were used to assess the strength of the relationship. The significant levels criterion was P<0.05 in all analyses.
Ethics approval
The Ethics Committee at the Saudi Ministry of Health approved this study. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki Declaration and its Subgroup analyses in Table 2 show that the mean hemoglobin was higher in patients with normal WBC (low 8.7, normal 9.4, and high 8.9, P=0.024). The mean hemoglobin F was higher in patients with low WBC counts (low 18.8, normal 17.3, and high 14.5, P=0.001) (Figure 1 ). The mean hemoglobin S was higher in patients with high WBC counts (low 76.9, normal 78.3, and high 81.1, P=0.003) (Figure 2) .
We identified multiple factors associated with high WBC counts compared to normal WBC counts (excluding low WBC counts) in Table 3 . Male gender (aOR=3.63, 95% CI, 1.783−7.384) and patients with cough (aOR=2.18, 95% CI, 1.084−4.378) increased the odds of high WBCs. However, the odds of high WBCs tended to decrease by 24% for every unit increase in hemoglobin (aOR=0.76, 95% CI, 0.596-0.969), and by 3% for every unit increase in high heart rate (aOR=0.97, 95% CI, 0.936-0.997).
Discussion
This epidemiological study was conducted to estimate the prevalence of abnormal leukocyte count (low or high) in a sample of Saudi patients with SCD, who were recruited from routine visits at King Fahad Hospital in Hofuf in the Eastern Province of Saudi Arabia where the prevalence of SCD was reported to be high. 20, 21 The study documented that high prevalence of abnormal leukocyte count was found in 131 (45.2%) of our total sample: low in 15 (5.2%), and high in 116 (40%). The study estimated the mean WBC counts of 10.7±6.3 (range =2.5-61) ×10
9 cells/L. This finding was cells/L. 19 However, their typical WBC value was higher than the average normal range (4-11×10 9 cells/L). The high WBC counts in the SCD population could be as a result from infections or reactions to medications. 22, 23 Evaluation of WBCs should be performed periodically in primary health care clinics to identify patients with lower or higher values than the normal WBC range. This may enable hematologists to assess the current medications, underlying etiology, or impending SCD crisis and initiate treatment to mitigate symptoms and modifiable factors that are associated with high WBCs.
The male gender was independently associated with high WBC counts. The odds of high WBC counts were 3.6 times higher in males compared to females (aOR =3.63). As per the authors' knowledge, gender's effect on high WBC counts has not been documented in SCD patients. Influence of gender on WBC counts in SCD patients should be investigated in various SCD populations.
The prevalence of high WBC counts differs significantly between SCD patients with a cough and those with no cough.
The odds of high WBC counts were 2 times higher in SCD patients with a cough than SCD patients with no cough. This finding is consistent with several studies. 24 , 25 Eisenbrown et al 25 reported that a higher WBC level in SCD patients with a cough should prompt a chest X-ray.
According to subgroup analyses, there was a significant association between swelling in hands/feet and high WBC counts. Patients with swelling in hands/feet tend to have 2 times increased odds of high WBC compared to patients with no swelling in hands/feet. Several studies have shown that the presence of swelling in hands/feet in SCD patients was common, but they have not investigated its link with high WBC counts. 26, 27 The high prevalence of cough and swelling in hands/feet in the SCD population could be targeted in future research to identify whether they are risk factors or symptoms of high WBCs.
The current study has demonstrated that hemoglobin and heart rate are negatively associated with high risk of high WBC counts. Routine examination of hemoglobin and heart rate to monitor WBC counts may help control SCD and its symptoms. 
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Limitations
Several limitations can be highlighted in this study. The findings of the study result from cross-sectional and retrospective chart review, thus relationships may not represent causation. The study recruited SCD patients who attended a single hospital in Saudi Arabia for routine medical check-ups, thus the population may not be a good representation of the SCD population in Saudi Arabia. Despite several limitations, the study has findings that may serve as novel evidence in identifying the potential predictors of high WBCs.
Conclusion
Abnormal leukocyte count was common: approximately five in ten Saudi SCD patients who were treated routinely at King Fahad Hospital in Hofuf. Male gender, cough, low hemoglobin, and low heart rate were associated with high WBC count. Strategies targeting high WBC count could prevent disease complication and thus be beneficial for SCD patients.
